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Large numbers of undamaged euglenoids (Euglena ehrenbergii var. 
baculifera, E. spiroides, Lepocinclis fusiformis, L. salina, Phacus curvi- 
cauda, Trachelomonas bacillifera var. minima, T. pusilla and T. volvo- 
cina) were found in the intestinal contents of tadpoles of Dermatonotus 
muelleri and Elachistocleis bicolor. Nine eggs of Elachistocleis bicolor 
were reared in the laboratory in plastic pools until the larvae reached stage 
24. Seven of these tadpoles were placed in a glass container with water and 
a sample of phytoplankton rich in flagellated euglenoids (Euglena ehren- 
bergii var. baculifera and E. intermedia var. klebsii). Two control tadpoles 
were kept in the absence of euglenoids. Intestinal contents of the tadpoles 
were observed at stages 25, 27 and 36 (sensu Gosner, 1960). E. intermedia 
var. klebsii was found in the intestinal tract of tadpoles of E. bicolor. All 
euglenoids were intact and had typical features of free-living cells in nature, 
with large accumulations of paramylon granules. We conclude that these 
OE are not part of the diet of these tadpoles and that they are not 
digested. 


INTRODUCTION 


Protozoans, algae and nematodes have been reported or suggested as food items in diets 
of anuran tadpoles (Hi yt R, 1973. INGER, 1986) Most diet studies have been based on the 
taxonomic composition of items found in the intestinal contents of fixed specimens We have 
found large numbers of euglenoids in the intestines of tadpoles of Dermatonotus muelleri and 
Elachistoctets bicolor collected in lentu environments from Argentina (unpublished data) 
These observations led us to study the euglenoid fauna tn the larvae of Elachtstoctets bicolor 
obtained from eggs developed in our laboratory and fed with freshwater euglenords. 


There are few reports on diet of merohylid tadpoles (Lt & Lin, 1935: Savact, 1952. 
Hivir, 1973; INGER, 1986; INGIR et al. 1986, Wane et al.. 1989) Almost all microhylid 
tadpoles lack keratinized mouthparts and are “filter feeding tadpoles, type 2" of A1 11G & 
JOHNSTON (1989) Li & Lix (1935) confirmed living euglenoids in the intestines of Kaloula 
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borealis and commented on the relationship between the protozoa and the tadpoles. Living 
euglenoids can survive passage through the intestmes (HeGNFR, 1926). Lr & Lin (1935) 
noticed some digestion of eugienoids. Euglenamorpha and Hegneria are euglenoids that live in 
the hindgut of tadpoles (BRUMPT & LAVIER, 1924, WENRICH, 1924). The purpose of this paper 
1s to determine whether tadpoles feed on euglenoids present in their intestines. 


MATERIALS AND METHODS 


Two samples of tadpoles were examined and staged according to Gosner (1960). The 
tadpoles have developed mouthparts and functional intestines in all stages used in this study, 


Sample A Four tadpoles of Dermatonotus muelleri (stages 32, 33, 34 and 36) and two 
tadpoles of Elachistoclers bicolor (stages 36 and 38) were collected from different freshwater 
pools in Santiago det Estero and Misiones provinces. They were fixed in 10 %o formalin. 


Sample B. — Nine eggs of Elachistocleis bicolor from Corrientes province were reared in 
the laboratory in a plastic pool with water from the environment where they were collected. 
Water was changed several times during the next seven days until the larvae reached stage 24. 
Seven of these tadpoles were placed in a glass container with 250 mi water, and 10 ml of 
phytoplankton rich ın euglenoids (Euglena ehrenbergii var. baculifera and Euglena intermedia 
var klebsi) were added The remaming two control tadpoles were reared separately in another 
glass contamer and were fed with commercial fish food and yeast (Saccharomyces cerevisiae) 
The euglenoids’ sample and the tadpoles were maintained at 18°C with a photoperiod of 
12:12 LD 


The intestinal contents of all tadpoles were observed at stages 25, 27 and 36, and from 24 
hours to 15 days from the beginning of the experiment. Temporary preparations from the 
foregut, midgut and hindgut (including the cloaca and vent tube) were made and observed by 
light microscopy In the temporary preparations, the wall of a small part of the gut was slit 
and placed on a glass slide, 1-2 drops of water were added, and a cover slip was placed over the 
material In sample A, intestinal contents and buccophary ngeal cavitics were also analyzed by 
scanning electron microscopy (SEM). Tadpoles preserved in 10‘» formalin were entire 
erttical-pomit dried, and the intestines were removed and broken over a piece of double-sided 
tape placed on a microscope stub. The intestinal contents were coated with gold-palladium. A 
Philips 515 scanning electron nucroscope, a vacuum evaporator (ION Sputtering Balzers 
SCD 040) and a critical point dryer (Balzers CPD 030) were used. 

In sample B, m vivo observations of the intestinal contents were made The algae and 
protists hving in the pond water were identified by light microscopy Two control tadpoles at 
stage 31, hving m the pond. were examuned to verify that euglenoids were present in their 
intestines. 

The following bibliography was used for the taxonomic identification of cuglenords 
Gosok $ (1953), Huri R Pistaroz7t (1955), STARMACH (1983) and TH) & Conrorti (1986) 

The eggs of E bicolor were collected with the permission of and under the rules of the 
Adiministración de Parques Nacionales. 
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Table 1. ~ Euglenoids found ın the gut contents of Dermatonotus muelleri and Elachistocleis bicolor 
tadpoles. Parts of intestine: 1, foregut; 2, midgut; 3, hindgut and cloaca. 


Part of intestines 
Taxon Observations 


Euglena ehrenbergti var. baculifera undamaged 


Euglena intermedia var. klebsii alive 
Euglena oxyuris undamaged 
Euglena spiroides undamaged 
Lepocinchs fusiformis undamaged 
Lepocinclis salina undamaged 
Phacus sp. undamaged 
Phacus curvicauda undamaged 
Trachelomonas bacillifera var. minima undamaged 
Trachelomonas pusilla undamaged 
Trachelomonas volvocina undamaged 


RESULTS 


Intact cells of Trachelomonas volvocma, T. bacillifera var nunuma and T pusilla were 
found in the anterior zone of the intestines of Dermatonotus muelleri Phacus sp., Lepocinclis 
fusiformis, L salina and Trachelomonas volvocina were found undamaged in the hind gut of 
fixed tadpoles (sample A) of D mueller: and Elachistocleis bicolor. Large numbers of 
undamaged Lepocinchis salina, L fusiformis and Trachelomonas volvocina were found in the 
cloaca. An intact cell was observed inside the lorica of Trachelomonas volvocina. Phacus 
curvicauda, Euglena oxy urts, E ehrenbergn var, baculifera, Lepocinchs salina and L fusiformis 
were found in the posterior part of the intestines of D mueller: All euglenoids showed an 
accumulation of paramylon granules. E chrenbergit var bacudifera also contamed many 
carotenoid granules irregularly distributed throughout the cell. SEM observations of the 
Intestinal contents and buccopharyngeal cavities of the tadpoles confirmed the euglenoid 
taxa identified with light muroscopy Phacus sp, Tradhelomonas sp. and Euglena spiroides 
were observed in the roof of the buccopharyngeal cavity of Dermatonotus muelleri(fig. la b) 
Intact eugienoids were found along with other protists in the anterior and mid-zone of the 
tadpole mtestines, All these cells were undamaged (fig 1c-d) and they had ty pical features of 
free-living cells in nature (fig 2a-c). Euglenoids were the only cells that were identified from 
the hindgut (fig. 2d, tab 1) Living Euglena intermedia var Afebsit and other algae (species of 
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Chlorophyceae’ Scenedesmus sp. and Ankistrodesmus sp.; Dinophyceae. Peridinium sp.; and 
Bacillarophyceae: Nitzschia sp.) were observed in the foregut and midgut of Elachistocleis 
bicolor (sample B}. Only E mtermedia var. klebsii was found ın the hindgut and cloaca No 
algae were found in the cloaca other than the living euglenoids. These results were obtamed 48 
hours, 72 hours and 12 days after the freshwater sample was added to the containers with the 
tadpoles. The euglenoids were very active, moving inside the intestine, especially in the mid 
and hindgut, and they occurred ın groups over the intestine walls. The intestinal contents of 
one tadpole of sample B was analyzed 24 hours after placement m the glass container with the 
phytoplankton. No evidence of E ehrenbergii var. baculifera and E intermedia var klebsii 
were found. 


Intestinal contents of four control tadpoles were observed. Two tadpoles were fixed 
¡immediately after collection (pond control) from the pond where the eggs of Elachustocders 
bicolor were obtained. Euglena spiroides, Phacus sp. and several species of Trachelomonas sp. 
were observed ın their intestinal contents. Two embryos were separated from the nine eggs and 
kept in the absence of euglenoids (intestinal control). Ten days after the experiment began, no 
euglenoids were observed m the intestinal contents of the developing tadpoles. 


DISCUSSION 


Although we found euglenoids ın the intestines of the tadpoles of Dermatonotus muelleri 
and Eluchistecteis bicolor, these protists were not digested by the tadpoles of E. bicolor They 
were alive and intact inside the length of the intestines. This conclusion specifically applies to 
D. muelleri because all individual euglenoids examuned with SEM were undamaged These 
tadpoles could be non-selective of the kind of organisms they mgest or digest, which agrees 
with CAROTHERS & JAKSIC (1984). A few authors considered euglenoids to be part of the diet 
of microhylid tadpoles, but the ability of a given tadpole to use euglenoids as food may be 
determined by whether the tadpole has a gut laminarase that can degrade paramylon granules 
(Bt 1L & Cuesrers, 1966, fide WALNE & Kivic, 1990) Euglenoids m E bicolor had an excess 
of paramylon granules, which suggests that the protists stored paramylon, and the intestines. 
did not limit nutrient availability This agrees with Coxrorri (1998) and her results of the 
study on euglenords’ development in an environment with organic enrichment Tadpoles are 
microphagous feeders and the size of Euglena ts within the range of ingested food particles, 
but the pellicle and the lorica could be an impediment to digestion Tadpoles have a non-acid 
intestinal pH and a long intestine with weak peristalsis (THRALL, 1972, fide ALTIG & 
JOHNSTON, 1989) Several enzymes were detected m the intestines of microhylid larvae (At TIG 
& Mc DrarMan, 1975), but euglenoids seem not to be affected by the internal gut conditions. 
Euglenoids in the intestines had features typical of cells in samples from the field, including 
pigmented plastids. These features are probably only possible in lighted conditions. The 
ventral body wall of these tadpoles is translucent, at Jeast in stages 25 to 31, and few coils of 
the intestines can be seen through the body wall. We presume that sullicient light to promote 
growth m the protozoa can pass through the tadpole tissues. The large size of paramylon 
granules indicates that the level of light and nutrients m the intestines provides favorable 
conditions for the euglenoids. Large accumulations of carotenoid granules in euglenoids were 
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reported by BOROWITZKA (1988) as a signal of nitrogen deprivation Euglena ehrenbergit var 
baculifera in the intestinal contents of D. muelleri had a great number of carotenoid granules 
in the cytoplasm (this was not ın the case in E. bicolor). 


The number of euglenords present in the last part of the intestines of D muelleri and E 
bicolor tadpoles suggests that euglenoids could enter the intestines via tadpole's vent tube, 
The vent tube (and the cloaca) have no muscles nearby. A fecal strand usually extends outside 
the body and could attract protists inside the cloaca Euglena ehrenbergii may be able to locate 
the fecal strands by chemoreception of a particular substance, for example, the nitrogenous 
wastes of E bicolor metabolism Once inside the intestines, euglenoids could move along the 
short and transparent intestines coils. In sample B of E. bicolor, Euglena erhrenbergii var, 
baculifera was absent and only Euglena intermedia var. klebsu was present. The absence of E. 
erhenbergu var baculifera could be related to its size and/or its ecomorphological type. E. 
erhenbergu var. baculifera (188-198 x 19.8-20 um) is longer than E. intermedia var. klebsit 
(78-90 x 7-15 ym) Smaller euglenoids may be more effectively captured by the branchial 
structures than larger ones, or £. erhenbergu var baculifera may not be harvested by these 
suspension-feeding tadpoles because of its benthic habitat. The results of our in vivo study 
provide new information on the diet of two filter feeding tadpoles of Argentina. 


CONCLUSIONS 


(1) Euglenoids, along with other algae (several species of Chlorophyceae, Dinophyceae 
and Bacillariophyceae) were found alive and undamaged ın the intestinal contents examined 
by optical microscopy. 


(2) At least the observed euglenoids are not digested because they were always found 
intact and alive inside the gut (anterior, posterior and cloacal portions}. Euglenoid flagellates 
were the only protists found hving in the cloaca. 


(3) The storage of paramylon granules in euglenoids suggests that the intestinal condi- 
tions were favorable for these organisms, and that they encountered no nutrient hmutation 


(4) The presence of Ire, undamaged euglenords indicates that they are not part of the diet 
of these tadpoles. 


RÉSUMÉ 


Dans le contenu intestinal de tétards de Dermatonotus muelleriet de Eladhistodeis bicolor 
provenant de divers environnements aquatiques, nous avons trouvé une grande quantité 
d'euglénoides flagellés (Euglena chrenberga var baculifera, E spirowdes, Lepocim lis fusiformas, 
L salma, Phacus curnauda, Trachelomonas baciifera var. minima, T pusillaet T volrocina) 
Au laboratoire, 9 ocufs de Etacinstocless bicolor, récoltés dans des environnements naturels, se 
sont développes jusqu`au stade 24 (selon Gosntr, 1980). Les tétards ont été alimentés avec du 
phytoplancton très riche en euglenoides flagelles qui contenait Euglena mtermedia var. Alcbsit 
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et Euglena ehrenbergii var baculifera. Après 48 h, 72 h et 12 jours, nous avons enregistré la 
présence de E. intermedia var klebsii vivante à l'intérieur de l'intestin Etant donné que les 
plastides étaient intacts et que les corps de paramylon étaient similares 4 ceux qu'on trouve 
dans la nature, les algues ne semblent pas affectées par le milieu intérieur de l'intestin. Ces 
résultats nous permettent de conclure que les euglénoides étudiés ne font pas partie du régime 
alimentaire des larves de ces Microhylidés et supportent sans problème apparent les condi- 
tions internes de la cavité intestinale. 


RESUMEN 


En el contenido intestinal de renacuajos de Dermatonotus muelleri y de Elachistocteis 
bicolor hallamos gran acumulación de euglenoideos flagelados (Euglena ehrembergn var 
baculifera, E. oxvuris, E spirowdes, Lepocinclis fusiformis, L. salma, Phacus curvicauda, 
Trachelomonas baculifera vay. minima. T pusilla and T. volvocina), provementes de distintos 
cuerpos de agua. En el laboratorio, se dejaron desarrollar 9 huevos de Elachistocleis bicolor, 
recogidos en ambientes naturales, hasta el estadio 24 (según Gosw£k, 1980) Los renacuajos 
fueron alimentados con fitoplancton muy rico en euglenoideos flagelados que contenta 
principalmente Euglena intermedia var. klebsti y E ehrembergti var, baculifera. A las 48 horas, 
72 horas y 12 dias se registró la presencia de E intermedia var. klebst. vivas en el interior del 
intestino. Ellas no mostraron signos de ser afectadas por el medio interno del intestino ya que 
presentaron los plástidos intactos y cuerpos de paramulon similares a los hallados en la 
naturaleza Nuestros resultados permiten concluir que los euglenoideos estudiados no for 
marian parte de la dieta de los renacuajos de microhylidos mencionados, y que soportan sin 
perjuicio aparente las condiciones internas de la cavidad intestinal. 
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